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(54) LIQUID CRYSTAL DISPLAY ELEMENT 

(57)Abstract: 

PURPOSE: To provide a negative display system matrix 
liquid crystal display element capable of accomplishing a 
good display without the occurrence of irregularities in 
display and also having such the coloration that is close 
to be almost anchromatic in a dark part even in the case 
of using a polarizing plate of high polarization and also 
having a little variation in hue in the dark part due to a 
visible angle and a temperature. 

CONSTITUTION: At least the film surface of an oriented 
film 1 6 of either one substrate 1 2 is formed to an 
uneven surface having a corrugated section and having a 
pitch P < twice a picture element arrangement pitch PO, 
and the value of retardation of the liquid crystal display 
element; An.d, is made continuously different. 



184*%** 




LEGAL STATUS 

[Date of request for examination] 1 2.1 1 .1 999 

[Date of sending the examiner's decision of 05.12.2000 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision 
of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 
[Date of extinction of right] 

BEST AVAILABLE COPY 



http://www1 9.ipdl.ncipi.go jp/PA1 /result/detail/main/wAAAxFaqlNDA4061 60856P... 2005/05/23 



Searching PAJ 2/2 ^— v 

Copyright (C); 1 998,2003 Japan Patent Office 



http://www1 9.ipdl.ncipi.gojp/PA1 /result/detail/main/wAAAxFaqlNDA4061 60856P... 2005/05/23 



JP06-160856A 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. 
- So the translation may not reflect the original 

precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



[Claim(s)] 

[Claim l] The liquid crystal display component 
which is a matrix liquid crystal display component 
of negative means of displaying, and is 
characterized by making into the concave convex 
of the shape of a cross- section wave with the pitch 
of under the 2 double of a pixel array pitch the 
orientation film surface of one [ at least] substrate 
of the substrates of the pair which counters on 
both sides of a liquid crystal layer. 

Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to 
the matrix liquid crystal display component of 
negative means of displaying. 
[0002] 

[Description of the Prior Art] As a matrix liquid 
crystal display component which displays an 
image, in the transparency shaft orientation of the 
polarizing plate of the pair arranged on the both 
sides, when a liquid crystal molecule is in a twist 
array condition, the transmitted light is 
intercepted with an outgoing radiation side 
polarizing plate, and when it starts and a liquid 
crystal molecule is made to arrange by impression 
of electric field, there is the so-called thing of the 
negative means of displaying set up so that the 
transmitted light might penetrate and carry out 
outgoing radiation of the outgoing radiation side 
pplarizing plate . 

[0003] Drawing 3 is some sectional views of the 
conventional matrix liquid crystal display 
component. This liquid crystal display component 
pastes up the transparence substrates 1 and 2 of a 
pair which consist of glass etc. through the sealant 
(not shown) of the shape of a frame which 
surrounds a liquid crystal enclosure field in that 
periphery section. It is what enclosed liquid 
crystal 7 with both this substrate 1 and the field 
surrounded by said sealant between two, and 
while transparent electrodes 3 and 4 are formed in 
the inside (opposed face with a liquid crystal 
layer) of both the substrates 1 and 2, respectively, 
the orientation film 5 and 6 is formed on it. 
[0004] In addition, the liquid crystal display 
component shown in drawing is a simple matrix 
liquid crystal display component, and the 



transparent electrodes 3 of one substrate 1 are a 
scan electrode and a signal electrode with which 
said scan electrode and the transparent electrode 
4 of the substrate 2 of another side cross at right 
angles. 

[0005] Moreover, this liquid crystal display 
component is the thing of TN mold, orientation 
processing of the orientation film 5 and 6 of both 
the substrates 1 and 2 is carried out in the 
direction which intersects perpendicularly mutual 
mostly, respectively, and the twist array of the 
molecule of liquid crystal 7 is carried out on about 
90- degree twist square between both the 
substrates 1 and 2. 

[0006] And the polarizing plates 8 and 9 of a pan- 
are arranged in both sides (external surface of 
both the substrates 1 and 2) of this liquid crystal 
display component, in the TN liquid crystal 
display device of negative means of displaying, 
that transparency shaft orientation was mutually 
made parallel mostly, and said polarizing plates 8 
and 9 are arranged. 

[0007] The above-mentioned liquid crystal display 
component impresses driver voltage between the 
electrode 3 of both the substrates 1 and 2, and 4, a 
display drive is carried out, and the display of 
each pixel corresponding to the part which the 
electrodes 3 and 4 of both the substrates 1 and 2 
have countered mutually will be ** when dark and 
a liquid crystal molecule start by impression of 
electric field when a liquid crystal molecule is in a 
twist array condition, and it arranges. 
[0008] By the way, in order to display a uniform 
homogeneous image with the conventional liquid 
crystal display component, As shown in d r ^W^ n g 3 , 
make the film surface of the orientation film 5 and 
6 of both the substrates 1 and 2 as flat as possible, 
and thickness d of a liquid crystal layer is mostly 
made into homogeneity over the whole viewing 
area (liquid crystal enclosure field). The value of 
retardation (product of refractive -index anisotropy 
deltan [ of liquid crystal ] and liquid crystal 
thickness d) deltan- d of a liquid crystal display 
component is made almost equal over the whole 
viewing area. 
[0009] 

[Problem(s) to be Solved by the Invention] 
However, if the polarizing plates 8 and 9 of high 
degree of polarization are used in order that the 
above-mentioned conventional liquid crystal 
display component may make high contrast 
Gight-and-darkness ratio) of a display image the 
problem that the wavelength region of the leakage 
light in the part between the pixel section in a 
dark condition and a pixel (part without electrodes 
3 and 4) becomes narrow, an umbra (a part for the 
pixel section and pixel Mabe in a dark condition) 
will color and be visible to a vivid color with high 
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purity, and the image quality of a display image 
will worsen - **** -- it was. 

[0010] Especially this poses a big problem in red, 
green, and the electrochromatic display display 

~ device that a blue color filter (it is omitting in 
drawing 3 ) is made to correspond to each pixel, 
prepares, and displays multicolor color pictures, 

- such as a full color image. 

[0011] And although a liquid crystal display 
component has a viewing-angle dependency and 
temperature dependence in the retardation 
deltan-d since the value of refractive-index 
anisotropy deltan of liquid crystal will change if 
effective liquid crystal thickness (thickness of the 
liquid crystal layer on the transparency path of 
light) changes with viewing angles (the 
observation direction of a display) and 
temperature changes With the conventional liquid 
crystal display component, if the degree of 
polarization of polarizing plates 8 and 9 is made 
high, since the wavelength of leakage light 
mentioned above by change of retardation 
deltan-d by the viewing angle or temperature will 
change a lot, the hue of an umbra will change with 
a viewing angle or temperature a lot. 
[0012] In addition, although a certain extent is 
mitigable when change of the hue of the umbra by 
coloring, the viewing angle, and temperature of 
the above-mentioned umbra lowers the degree of 
polarization of polarizing plates 8 and 9, now, the 
contrast of a display image will fall. 
[0013] Even if the purpose of this invention does 
not have display unevenness and the polarizing 
plate of high degree of polarization is used for it as 
a matrix liquid crystal display component of 
negative means of displaying, coloring of an 
umbra is to offer that from which the good display 
also with a change of the hue of the umbra 
according almost to near and a viewing angle, or 
temperature small to an achromatic color is 
obtained. 
[0014] 

[Means for Solving the Problem] The liquid crystal 
display component of this invention is 
characterized by making into the concave convex 
of the shape of a cross- section wave with the pitch 
of under the 2 double of a pixel array pitch the 
orientation film surface of one [ at least ] substrate 
of the substrates of the pair which counters on 
both sides of a liquid crystal layer. 
[0015] 

[Function] This invention namely, by making the 
orientation film surface of one [ at least ] substrate 
into the concave convex of the shape of an above 
cross-section wave If the thickness of a liquid 
crystal layer is made to fluctuate, the value of 
retardation deltan-d of a liquid crystal display 
component is changed continuously and it does in 



this way, since the wavelength of the leakage light 
in an umbra differs- on each point in an unit area, 
Coloring of an umbra serves as a color almost near 
an achromatic color which compounded the color 
of the leakage light of each wavelength of said 
each point, and change of the hue of the umbra by 
the viewing angle or temperature also becomes 
small. 

[00 16] Moreover, in this invention, since the 
above-mentioned orientation film surface is made 
into the concave convex of the pitch of under the 2 
double of a pixel array pitch, the part with large 
retardation deltan-d and the small part are 
distributed over the whole viewing area by the 
equal and high repetition consistency, therefore a 
display image appears as a uniform image. 
[0017] ^ 

[Example] Hereafter, the 1st example which 
applied this invention to the simple matrix liquid 
crystal display component is explained with 
reference to drawing 1 . 

[0018] This liquid crystal display component 
pastes up the transparence substrates 11 and 12 
of a pair which consist of glass etc. through the 
sealant (not shown) of the shape of a frame which 
surrounds a liquid crystal enclosure field in that 
periphery section. It is what enclosed liquid 
crystal 17 with both this substrate 11 and the field 
surrounded by said sealant between 12. The scan 
electrode 13 is formed in the inside of one 
substrate 11, the signal electrode 13 is formed in 
the inside of the substrate 11 of another side, and 
the orientation film 15 and 16 is further formed on 
the electrode forming face of both the substrates 
11 and 12, respectively. 

[0019] In addition, this liquid crystal display 
component is the thing of TN mold, and the twist 
array of the molecule of liquid crystal 7 is carried 
out on about 90- degree twist square between both 
the substrates 11 and 12. Moreover, this liquid 
crystal display component is the thing of negative 
means of displaying, and the transparency shaft 
orientation of the polarizing plates 18 and 19 of 
the pair arranged to those both sides is mutual 
almost parallel. 

[0020] Moreover, in one substrate of the 
substrates 11 and 12 of the above-mentioned pair, 
for example, drawing, the electrode forming face of 
the lower substrate (henceforth a bottom 
substrate) 12 is crossed to the whole viewing area 
(liquid crystal enclosure field), and let it be the 
concave convex in which a cross section makes the 
shape of a sine wave mostly. 

[0021] This concave convex carried out surface 
roughening of the substrate side to the shape of 
crepe by etching, it was formed, and the repetition 
pitch P of that irregularity is the array pitch 
(array pitch of the scan electrode 13 and a signal 
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electrode 14) PO of a pixel. It has carried out to 
under 2 double. In addition, the array pitch of a 
pixel is 130-150 micrometers (pixel width of face is 
about 100 micrometers), and is setting the 
repetition pitch P of the above-mentioned 
irregularity to 200 micrometers or less in this 
example. 

[0022] And for the signal electrode 14 on the 
bottom [ this ] substrate 12, and the orientation 
film 16 on it, it is formed in almost equal thickness 
over that whole, respectively, therefore the film 
surface of the orientation film 16 on the bottom 
[ this ] substrate 12 is the pixel array pitch P0. It 
is the concave convex of the shape of a 
cross- section sine wave with the pitch of under 2 
double (200 micrometers or less). 
[0023] On the other hand, in the substrate of 
another side, i.e., drawing, the upper substrate 
(henceforth an upper substrate) 11 is used as the 
same flat substrate as the conventional liquid 
crystal display component, and the film surface of 
the orientation film 15 on this upper substrate 11 
is almost flat. 

[0024] This liquid crystal display component is the 
pixel array pitch P0 about the film surface of the 
orientation film 16 of the substrate (bottom 
substrate) 12 of one of these. By considering as the 
concave convex of the shape of a cross-section sine 
wave with the pitch P of under 2 double The 
thickness of a liquid crystal layer is made to 
fluctuate and the value of retardation deltand is 
changed continuously. In this example It responds 
to refractive -index anisotropy deltan of the use 
liquid crystal 19, and is said minimum liquid 
crystal thickness dl. The greatest liquid crystal 
thickness d2 It sets up. minimum retardation 
(minimum liquid crystal thickness dl retardation 
of part) deltan-dl from - maximum retardation 
(maximum liquid crystal thickness d2 retardation 
of part) deltan-d2 up to - the retardation value is 
continuously changed in 1.00- 1.50 micrometers. 
[0025] Since the value of that retardation deltan- d 
is continuously changed in the above-mentioned 
range in this liquid crystal display component, 
The wavelength of the leakage light in an umbra 
(part between the pixel section in a dark condition 
and a pixel) differs on each point in an unit area, 
coloring of an umbra becomes the color almost 
near an achromatic color which compounded the 
color of the leakage light of each wavelength of 
said each point, and change of the hue of the 
umbra by the viewing angle or temperature also 
becomes small. 

[0026] That is, also in the liquid crystal display 
component of the above-mentioned example, 
although the leakage light in each point colors in 
the color according to the wavelength region, 
respectively, since the color of said each point 



cannot be perceived separately, the color of an 
umbra is visible to the color almost near an 
achromatic color by which the color of each point 
in a certain amount of area was compounded by 
human being's eyes. Although this is also the 
same as when the value of retardation deltan-d 
changes with a viewing angle or temperature and 
the hue of each point changes in this case, the 
color perceived by human being's eyes turns into a 
color almost near an achromatic color by which 
the color of said each point was compounded. And 
if coloring of an umbra is close to an achromatic 
color, since the color of an umbra will turn into a 
color more near black, the image quality of a 
display image becomes high. 

[0027] In addition, especially this effectiveness is 
remarkable in red, green, and the 
electrochromatic display display device that a blue 
color filter (it is omitting in drawing 1 ) is made to 
correspond to each pixel, prepares, and displays 
multicolor color pictures, such as a full color image. 
[0028] Moreover, with the above-mentioned liquid 
crystal display component, since the film surface 
of the above-mentioned orientation film 16 is 
made into the concave convex of the pitch of under 
the 2 double (200 micrometers or less) of a pixel 
array pitch, the part with large retardation 
deltan-d and the small part are distributed over 
the whole viewing area by the equal and high 
repetition consistency, therefore a display image 
appears as a uniform image. In addition, as for the 
pitch P of the irregularity of the film surface of the 
above-mentioned orientation film 16, it is 
desirable to make it as small as possible, and its 
image quality of a display image improves, so that 
it makes this pitch P small. - 
[0029] Next, the 2nd example of this invention is 
explained with reference to drawing 2 . In addition, 
in drawing 2 , a same sign is given to what was 
shown in drawing 1 , and a corresponding thing, 
and the overlapping explanation is omitted. 
[0030] The liquid crystal display component of this 
example the electrode forming face of the 
substrates 11 and 12 of that pair by [ to which a 
cross section makes the shape of a sine wave 
mostly over the whole viewing area, respectively ] 
carrying out a concave convex It is the pixel array 
pitch P0 about the film surface of both substrates 
11 and the orientation film 15 and 16 on 12. It is 
what was made into the concave convex of the 
shape of a cross- section sine wave with the pitch of 
under 2 double (200 micrometers or less). In this 
example It is referred to as one half, about [ of the 
1st example which mentioned above the difference 
of elevation of the highest part of the film surface 
of both the orientation film 15 and 16, and the 
lowest part ] -* minimum retardation deltan-dl 
from -- maximum retardation deltan*d2 up to - 
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the retardation value is continuously changed in 
1.00-1.50 micrometers. 

[0031] In addition, although the right pair of the 
highest parts of each orientation film surface and 
the lowest parts was carried out mutually and the 
substrates 11 and 12 of a pair are arranged in 
drawing 2 , the physical relationship of both these 
substrates 11 and 12 may be shifted to some 
extent. 

[0032] Also in the liquid crystal display component 
of this example, since the value of that retardation 
deltan-d is continuously changed in the 
above-mentioned range, the wavelength of the 
leakage light in an umbra differs on each point in 
an unit area, coloring of an umbra becomes the 
color almost near an achromatic color which 
compounded the color of the leakage light of each 
wavelength of said each point, and change of the 
hue of the umbra by the viewing angle or 
temperature also becomes small. 
[0033] Moreover, since the film surface of the 
above-mentioned orientation film 15 and 16 is 
made into the concave convex of the pitch of under 
the 2 double (200 micrometers or less) of a pixel 
array pitch also in this example, the part with 
large retardation deltan-d and the small part are 
distributed over the whole viewing area by the 
equal and high repetition consistency, therefore a 
display image appears as a uniform image. 
[0034] In addition, although the liquid crystal 
display component of the 1st and 2nd examples of 
the above is the thing of a simple matrix type This 
invention is what can apply TFT (thin film 
transistor) etc. also to the liquid crystal display 
component of the active-matrix mold used as an 
active component. The concave convex of the 
shape of a cross- section sine wave which has the 
pitch of under the 2 double (200 micrometers or 
less) of a pixel array pitch for the film surface of 
the orientation film on one [ at least ] substrate 
also in that case, then the same effectiveness as 
the above-mentioned example can be acquired, 
[0035] In addition, in the case of an active -matrix 
liquid crystal display component, it is desirable to 
set up the minimum liquid crystal thickness and 
the maximum liquid crystal thickness so that the 
retardation value from the minimum retardation 
to the maximum retardation may be continuously 
changed in 0.50-0.85 micrometers. 
[0036] moreover, although the orientation film 
surface was made into the cross- section sine 
wave -like concave convex in each 
above-mentioned example, this orientation film 
surface is good also as a cross-section triangular 
wave-like concave convex -- carrying out -- 
moreover, the repetition pitch of that irregularity 
-- **** when making it small, it is good also as a 
cross-section square wave-like concave convex. 



[0037] Furthermore, although surface roughening 
of the substrate side is carried out and the film 
surface of the orientation film on it is made into 
the cross* section wave -like concave convex in the 
above-mentioned example, this orientation film 
changes that thickness continuously, and may 
make a film surface a concave convex, and a 
substrate is good in that case at a flat substrate. 
[0038] 

[Effect of the Invention] The liquid crystal display 
component of this invention by making the 
orientation film surface of the substrate of one [ at 
least ] of these into the concave convex of the 
shape of a cross-section wave with the pitch of 
under the 2 double of a pixel array pitch Since the 
thickness of a liquid crystal layer is made to 
fluctuate and the value of retardation deltan-d of a 
liquid crystal display component is changed 
continuously, even if there is no display 
unevenness and it uses the polarizing plate of high 
degree of polarization Coloring of an umbra can 
provide an achromatic color with the matrix liquid 
crystal display component of the negative means 
of displaying from which the good display also 
with a small change of the hue of the umbra 
according almost to near and a viewing angle, or 
temperature is obtained. 

[Brief Description of the Drawings] 
[Drawing ll Some sectional views of a liquid 
crystal display component showing the 1st 
example of this invention. 

[Drawing 21 Some sectional views of a liquid 
crystal display component showing the 2nd 
example of this invention. 

[Drawing 31 Some sectional views of the 

conventional liquid crystal display component. 

[Description of Notations] 

11 12 - Substrate 

13 14 - Electrode 

15 16 -- Orientation film 

17 - Liquid crystal 

18 19 - Polarizing plate 
P0 - Pixel array pitch 

P -- Repetition pitch of the irregularity of an 

orientation film surface 

dl and d2 -- liquid crystal thickness 
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